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Abstract: The employment of used vegetable oils (UVOs) as raw materials in key sectors as energy
production or bio-lubricant synthesis represents one of the most relevant priorities in the European
Union (EU) normative context. In many countries, the development of new production processes
based on the circular economy model, as well as the definition of future energy and production
targets, involve the utilization of wastes as raw material. In this context, the main currently applied
EU regulations are presented and discussed. As in the EU, the general legislative process consists
of the definition in each State Member of specific legislation, which transposes the EU indications.
Two relevant countries are herein considered: Italy and Spain. Through the analysis of the conditions
required in both countries for UVOs’ collection, disposal, storage, and recycling, a wide panorama of
the current situation is provided.
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1. Introduction
The development of new sustainable processes based on the circular economy model is one of the
main targets of the European Union (EU), according to the Circular Economy Action Plan published
in March 2020 [1]. To reach such a goal, a combination of several factors is needed. Opportune
raw materials arising from recycling processes must be chosen and transformed by low-impacting
steps where near-zero wastes are produced. Within the most promising candidates for this approach,
used vegetable oils (UVOs) have shown excellent characteristics. In fact, UVOs are wastes produced
worldwide continuously in large amounts [2], and they are easily recyclable. A very recent overview
covering the current available processes and technologies for the recycling of waste cooking oils (WCOs),
which represent the main source of UVOs, has been reported by Mannu et al. [3]. In general, UVOs can
be employed as raw materials for many industrial productions [4,5]. The possible applications of UVOs
include the production of bio-lubricants [6–9], biofuels [10–13], energy [14,15], animal feeds [16,17],
ecological solvents [18], composites materials [19,20], and non-aqueous gas sorbents devices [21,22],
only to cite the most relevant.
The amount of UVOs produced has a great impact. It can be estimated that around 200 million
tons per year, either from food or industrial sectors, are produced [23].
The increasing use of UVOs for the production of biodiesel, which adsorbs nearly 90% of the
UVOs raw material, has grown a 6 billion dollar market, and it is expected to reach 8.88 billion dollars
in 2026.
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In the European Union (EU), according to the European Biomass Industry Association (EUBIA),
4 million tons of UVOs are produced every year, and only one-seventh of this amount is collected [24].
In this context, the technical and economic advantages associated with the employment of UVOs as
raw materials are accompanied by a strong legislative endorsement. As a matter of fact, many countries
have developed specific legislation to favour the UVOs’ transformation in added-value goods.
Herein, the general European Union legislative framework regarding the aforementioned topic
will be described. An overview of the currently most relevant EU legislation dealing with UVOs will
be provided, followed by a case-study detailed analysis of the matter in two key Member States: Italy
and Spain.
2. Discussion
2.1. European Framework for WCOs’ Collection and Recycling
As expected, UVOs’ disposal and recycling have been the object of discussion and legislative
decisions in the European Union (EU) only in very general terms. Actually, the scope of the EU bodies
is precisely to promulgate guidelines and general legislation, which can be taken as reference from
each Member State to properly develop local laws, and the case of UVOs is not an exception.
Used vegetable oils fall into the formal category of “Edible Oil and Fats”, which is part of the
waste family Municipal Wastes (household waste and similar commercial, industrial, and institutional
wastes, including separately collected fractions). The specific description of this category can be
found in the Commission Decision 2014/955/EU [25] of 18 December 2014, which amends Decision
2000/532/EC (EC stands for European Commission) on the list of waste, pursuant to Directive 2008/98/EC.
The main purpose of the document is to assess the risk for the public health associated with waste by
defining specific cut-off values for selected recognized dangerous chemicals. The employed criteria for
hazardousness determination are reported in Annex III to Directive 2008/98/EC [26]. Concerning the
category edible oils and fats, they are classified in Decision 2000/532/EC at the number 200125 [27].
In this context, the EU Directive 2018/851 goes one step forward, defining some crucial aspects related
to the life cycle of wastes, including UVOs [28].
In particular, within the main aims reported in the introductory section of the Directive,
the following indications stand out.
(I) A special effort must be pointed toward the enhancement in actions aimed to improve the
sustainable transformation of waste-based raw materials, possibly under circular economy models.
(II) Specific actions must be considered to improve the recycling and re-use of wastes.
(III) Waste oils must be collected in an exclusive way in order to facilitate their treatment and recycling.
(IV) Concerning the treatment of waste oils, their transformation into added-value products must be
preferred with respect to other transformations (e.g., destruction).
In particular, to push Member States toward actions pointed to pursuit the abovementioned
points, Article 21 of the Directive 2008/98/EC was amended by adding the following paragraph: “4. By
31 December 2022, the Commission shall examine data on waste oils provided by Member States in accordance
with Article 37(4) with a view to considering the feasibility of adopting measures for the treatment of waste
oils, including quantitative targets on the regeneration of waste oils and any further measures to promote the
regeneration of waste oils. To that end, the Commission shall submit a report to the European Parliament and to
the Council, accompanied, if appropriate, by a legislative proposal.”
The directive 2004/35/CE [29], which “establish a common framework for the prevention and remedying
of environmental damage at a reasonable cost to society” (article 3), furnishes specific indications to the
Member States on the responsibility of the operators towards the environmental damages produced
by the incorrect disposal of dangerous wastes, including oil pollution damage (lubricant and edible).
The specific environmental risk related to oil pollution uncontrolled disposal is referred to protected
species and natural habitats, water and land damage. The directive addresses different life cycle stages
of vegetable oil, from their disposal, once exhausted, to their use, once recycled.
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For example, in the case of bio-lubricants for chains, they are dispersed into the environment
during use, and, thus, their potential impact on the former aspects has to be taken into account.
Summarizing this general context, waste edible oils, which include vegetable oil and fats at the
end of their life cycle, must be valorized through their use as raw materials for the production of
added-value products, possibly by adopting a circular economy model, which by definition reduces
the environmental impact. To reach such ambitious targets, some scientific and technological efforts
need to be made. In this regard, the currently known technologies able to process waste vegetable oils
as raw materials matching with the circular economy model are few and sometimes limited by the
available technologies and materials [3]. This reflects into the corresponding legislation, and there
are few processes involving waste vegetable oils that have been the object of specific attention by
the legislator. The Commission Regulation 142/2011 of 25 February 2011 [30], which implements the
Regulation (EC) No 1069/2009 of the European Parliament and of the Council, deals with the processing
of several raw materials, including catering wastes. Specific applications are considered, such as
incineration, animal feed, biodiesel, biogas, and composting. In addition, the regulation describes the
requisites needed for market uptake and internationalization.
Nearly 90% of UVOs collected are processed for energy purposes and, in particular, as raw
materials for biodiesel production [31]. Energy is a driving sector in the EU, and the legislation related
is relevant. The Directive (EU) 2018/2001 of the European Parliament and of the European Council of
11 December 2018, known as the Renewable Energy Directive (RED II), discusses the valorization for
biodiesel production. RED II extends the objectives and the application period of the previous RED I,
dated 2009. In particular, it increases, by 2030, the targets for the use of renewable energies to 32%
while setting to 14% the quote of fuels consumed by the transport sector.
RED II includes the adoption of new actions to promote a second generation of biofuels to be
exploited in the transport sector, pushing towards a reduction in the CO2 emissions and in favour of
the adoption of circular economy models. As a consequence of that, in the near future, a consistent and
increasing percentage of fuel will arise by biomass, including UVOs.
The main instrument for assessing the progress towards the aforementioned targets established
in RED I and reinforced in RED II is the double-counting rule, which allows counting twice in the
calculation of the shares of renewable energies, the waste-based biofuels. This system promotes the
consumption of second-generation waste-based biofuels produced, e.g., from feedstocks as UVOs.
Regarding the specific routes to achieve the abovementioned targets, they are taken into account in
the regulation “Action for Climate” 2018/1999. Each EU Country should develop a dedicated national
renewable energy plan according to this general regulation [32,33].
In addition, the European Union launched in 2015 the First Circular Economy Action Plan,
a strategy to start the way to improve the valorization and utilization of waste in the community [34],
followed by the new Action Plan “A new Circular Economy Action Plan For a Cleaner and more Competitive
Europe”, framed in the European “Green Deal”. It arises from the fact that the EU considers the
development of actions and synergies to enhance the adoption of circular economy models in several
sectors as a priority activity. The general target of such actions is to maximize the natural resources
use, thus reducing waste and consequent pollution from mankind’s activities. In the current version of
the Green Deal, it is expected that the EU will reach carbon neutrality by 2050. To reach such a target,
the demand for specific raw materials, including waste vegetable oils as well as concrete, steel, plastic,
glass, aluminum, copper, and iron, and in general technology-specific materials, is expected to increase
in the following years. In particular, the development of wind and solar technology will generate the
need to import extra-EU massive amounts of many raw materials, increasing their market, which will
need specific further regulations [35].
The first circular economy plan was presented in 2015, and it consisted of 54 actions to be pursued
by the EU Commission during the period 2015–2020. These actions were directed to the optimization
of the main steps of the life cycle of goods (design, production, consumption, management of wastes,
and recycling). Furthermore, some sectorial aspects were treated, such as those related to plastic
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packaging, food wastes, critical raw materials (CRMs), wastes from constructions, and biomass,
considered pivotal for sustainable development.
The new 2020 Plan aims to enhance the circularity, presenting specific procedures in key sectors,
such as electronics, batteries, automotive, packaging, plastics, textiles, constructions, and food.
The minimization of the employment of natural raw materials and the production of wastes is also
discussed. An improvement in the secondary market of raw materials and a consistent reduction
in the pollution by 2050 are presented as the main targets. This action plan is further developed for
the food sector in the “From Farm to Fork Strategy”, “A Farm to Fork Strategy for a fair, healthy and
environmentally-friendly food system” published in May 2020 [36], where the reduction in food loss and
waste are key points to achieve the goals of the strategy. The policy in this regard will focus on the
recovery of nutrients and secondary raw materials, the production of feed, food safety, biodiversity,
bioeconomy, waste management, and renewable energy in the upcoming years.
Another relevant normative expression concerning UVOs is Regulation (EC) No. 1069/2009
of the European Parliament and of the Council, also known as the “Animal by-products Regulation”,
which deals with the management of animal by-products for non-food applications. The main target
of this regulation is decreasing the risks to public and animal health by enhancing the quality of
the food chain. During the frying process, the chemical composition of vegetable oil is subjected to
many transformation processes, many producing dangerous molecules. As a matter of fact, UVOs’
recycling and its re-utilization as animal feed, has the effect of re-introducing into the food chain
potentially harmful chemicals. For this reason, a careful and specific characterization, regulated by the
specific legislation, must be pursued before the processing of UVOs as raw material for animal food
additives [37].
2.2. Italy
Currently, the yearly production of UVOs in Italy can be estimated at 260 K tons, partitioned
between the food industry (36%) and household kitchens (64%). Authorized collectors were able to
recover 72 K tons in 2017, corresponding to 27% of the total estimated [38].
From a normative point of view, the disposal and management of wastes in Italy are regulated
by Decree (D. lgs.) 152/06 [39]. The EU directives, and in particular the ones contained in the “Waste
Framework Directive 98/2008/CE” were introduced in Italy in 2010, with the D. lgs. 205/2010 [40],
which adds some modifications to D. lgs 152/06.
Among the additional indications furnished through this legislation, of primary importance are
the management of collection and treatment (by recycling or disposal) of used vegetable oils and
animal fats through a dedicated consortium for the collection and treatment of the used vegetable oils
(CONOE). Actually, the CONOE was already named in Article 47 of the Decree D. lgs. 22/97, modified
by Article 233 of the D. lgs. 152/06.
The main tasks and targets of the CONOE are the followings:
(I) To manage and develop, in accordance with the European and National legislations, the systems
of collection, transport, storage, treatment, and recycling of used oils and fats.
(II) When recycling processes cannot be performed, to guarantee the proper disposal procedures.
The main aspect considered in the evaluation of the convenience of disposal versus recycling is the
sustainability of the entire process, especially in terms of the production of undesired pollutants.
(III) To manage all the aspects related to the collection, transport, storage, recycling, or disposal
of used vegetable oils and fats, to minimize the pollution eventually generated by this waste,
the consortium represents a common point of contact for all the companies involved in such
aspects. With the target to promote the dissemination of relevant information and to enhance
cooperativity among the partners, the CONOE develops activities as market analyses and surveys,
publish economic and technical reports, and organizes transversal activities within the partners.
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The mechanism of the management of UVOs developed by the CONOE can be summarized as
follows. I) Waste producers affiliate to the consortium directly or through the corresponding category
association. II) UVOs producers deliver the waste to a collector associated with the consortium,
who will deliver the oil to a processing company that must be associated with the CONOE, as well.
From a practical point of view, all the actors involved in the life cycle of UVOs are associated
with the national consortium and, thus, are subjected to its monitoring activity. In 2018, the CONOE
was constituted by more than 300 K producers, more than 450 companies dealing with collection and
storage, more than 60 recycling industries [38].
Despite the many possible applications of UVOs, the main destination of this raw material is
represented by the biodiesel industry. Currently, in Italy, 90% of the collected UVOs is processed
in a biodiesel plant. The interest toward enhancing biodiesel production from renewable resources
(such as UVOs) is based on two different aspects: from one side, the technology needed for such
production is already developed and does not require any variation when UVOs are introduced as raw
materials. From the other side, EU legislation, such as the Directive RED (Renewable Energy Directive)
2009/28/CE and FQD (Fuel Quality Directive) 2009/30/CE [40], introduced sustainability as the main
parameter to consider the fuels produced as effective for the count of the renewable energy targets
(vide infra).
Nevertheless, the potential of UVOs for non-biodiesel applications is slowly emerging as confirmed
by the recent development of large scale biorefineries based on UVOs and dedicated, in part, to the
production of bio-lubricants [41,42].
2.3. Spain
As for Italy, the Spanish legislation related to the recycling of UVOs is derived from the mandatory
adoption of the EU energy and waste policies, which have been transcribed into national laws by each
Member State. Moreover, UVOs’ collection and management are directly related to the objectives
established by the different Spanish local governments for the use of biofuels and renewable energy
(Figure 1).
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The Royal Decree 459/2011 [43] follows the instructions of the RED I Directive and set mandatory
targets for the use of biofuels for 2011, 2012, and 2013, expressed as minimum energy content, in relation
to the energy content of petrol, diesel, and total petrol and diesel sold or consumed.
The original targets for biofuels in total, biofuels in diesel, and biofuels in petrol were then
extended by Royal Decree 1085/2015 to establish specific targets for the years 2017 (5%), 2018 (6%),
2019 (7%,) and 2020 (8.5%) [44].
The current use of biofuels is difficult to calculate due to the controversy over the methodology in
accounting for the data reported by the biodiesel producers, but it is estimated that in 2019, the use was
6%, and the objective for the mentioned year (7%) could be reached in the final annotation, which will
be published in the following months [45].
Royal Decree 1597/2011 [46] regulates the sustainability criteria for biofuels and bioliquids.
The National Sustainability Verification System and the Double Counting mechanism regulates
the calculation of biofuels’ production from renewable sources. This Royal Decree encourages the
production of second-generation biofuels obtained from wastes, residues, non-food cellulosic material,
and lignocellulosic material by imposing their energy contribution as the double of the one relative
to other biofuels. This criterium was already described in the RED I normative (Double Counting).
Royal Decree 1597/2011 was then extended in the Order TEC/1420/2018 [47] and modified by Royal
Decree 235/2018 [48].
In addition, the Spanish Renewable Energy Plan 2011–2020 sets targets in line with Directive
2009/28/EC (RED I). The new National Integrated Plan for Energy and Climate (PNIEC) 2021–2030 [49]
is in draft status and was sent to the European Union in January 2020, complying with the indications
established in the regulation on the Governance of the Union of Energy and Climate Action 2018/1999.
It is intended to influence the current business models, society, and economy in general, by pursuing new
investments and by increasing job demand. The primary target of the Energy and Climate Action is to
reduce greenhouse gas emissions, pushing Spain towards climate neutrality by 2050, accomplishing the
requirements of the Paris Agreement. Other priorities include the promotion of energy rehabilitation in
buildings, the promotion of energy self-consumption by citizens, and encouraging biomasses utilization
for renewable energy production.
In this context, the main specific objectives are:
- 23% reduction in greenhouse gas (GHG) emissions with respect to 1990,
- 42% of renewables in energy end-use. This figure is double the 20% of the year 2020,
- 39.5% improvement in energy efficiency over the next decade,
- 74% presence of renewable energies in the electricity sector, in coherence with a trajectory towards
a 100% renewable electricity sector in 2050.
Other important aspects are considered in the law 22/2011 [50] on waste, which transposes
the Directive 2008/98/EC. It regulates waste management and transport activities, as well as the
authorizations required for waste treatment.
The accordance between the collection and transport of UVOs and law 22/2011 is established
in Regulation 1069/2009, named in Spain as SANDACH (Subproductos Animales no Destinados al
Consumo Humano), which states in article 21: “Operators shall collect, transport and dispose of
category 3 catering waste in accordance with the national measures provided for in Article 13 of
Directive 2008/98/EC.” Collection always implies storage at a physical location. Therefore, storage in
the area of UVOs collection must comply with the mentioned law [51].
Furthermore, whether the collectors use UVOs to produce biofuel, they have to comply with
the provisions of the RED Directive, since it includes the specific definition for the manufacturing of
biofuels. Traceability can be verified by the ISCC (International Sustainability and Carbon Certification),
which guarantees that the collector carries out a tracking procedure for the raw waste materials (UVOs),
and requires a self-declaration which assures the origin of the UVOs. Moreover, to comply with the
RED Directive, the collectors should also confirm the authenticity of the waste by declaring that they
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did not produced it, e.g., by adding fresh oil to a used one. Companies involved in the whole chain
can be audited to ensure compliance with the requirements of the regulations [52].
Therefore, a company dedicated to the collection and management of UVOs in Spain must comply
with the above regulations, ensuring traceability so that the origin of the UVOs can be verified at any
time and carry out collection, transport, storage, and treatment in accordance with the national waste
law. Companies producing biodiesel must do so according to the methodology established by the
SANDACH Regulation (Figure 2).
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and Fat By-Product anagers (GEREGRAS), which was founded in 2007. It is constituted by several
companies dedicated to the management of UVOs. The a sociation provides advice on many aspects
with target of promoting the development of c mpanies in the sector, and it is sometimes involved
in negotiations with public instit tions as advisor for the management of UVOs i the municipaliti s.
GEREGRAS associates collect 70% of the UVOs generated in the Hot llerie-Restaurant-Cat ng
(HORECA) sector and 80% of UVOs arising from domestic waste. The volume of UVOs col ected
in Spain is 36% of the total produced, a percentage quite far from the 60% target for 2030 indicat d
by GEREGRAS.
The cu rent delay with respect to the expected level of UVOs’ collection and recycling is mainly
due to the low co lection rate fro the do estic sector (4 ). It can be observed that the domestic
sector experiences a lack of specific regulation that induces the citizens to contribute to UVOs’
recycling actively. It is crucial to improve the household co lection systems, making recycling easier
for the citizens. In a dition, governments play a very important role in terms of awarene s of the
population [53]. This awaren ss leads public and private institutio worki g on different mechanisms
and wareness campaig s to ensure a d facilitate the collect on of UVOs from private houses, and, thus,
be able to meet the objective of 60% in 2030 (Table 1) [54]. The compet nces in the manag ment of waste
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Table 1. Current data on used vegetable oils’ (UVOs) collections in Spain and future outlooks [54].
HORECA and Industrial Household Total
UVOs to be managed 160,000 178,900 338,900
UVOs currently managed 115,200 7300 122,500
Percentage managed 72% 4% 36%
The low amounts of UVOs collected reflect the not optimized household collection system,
which makes the sector uncompetitive, producing an internal need for vegetable oil raw material,
which is satisfied by importing waste oils from other countries to achieve the renewable energy targets.
An additional issue related to the fast-growing UVOs market between countries due to the high
targets set by the EU, consists in a lack of traceability in the UVOs supply chain, making the origin of
UVO sometimes not traceable. According to Farm Europe [55], the fraudulent UVO is that which does
not come from its use in kitchens, but from virgin palm oil. This does not comply with the requirements
of the RED Directive for the composition of biodiesel.
The renewable energy objectives established in RED I and extended in the new RED II, have caused
a growth in the demand for UVO, being 2200 million liters in 2017, and estimating that it will exceed
3000 million liters in 2020. This demand cannot be met with the UVO currently collected, so 62% is
imported, of which 75% comes from Asia. The difficulty of carrying out a correct traceability of the
origin of the imported UVO raises doubts about their composition, as virgin palm oil can easily be
added and sold as a UVO.
Farm Europe also states that monitoring the whole supply chain of UVO is a great challenge.
Voluntary traceability systems in the EU have proven not to be enough to ensure the origin. They point
out a curious fact from Taiwan, a country that, in 2017, treated 12,500 tonnes of its UVO, but exported
11 million tonnes to countries such as the United Kingdom (UK) and Ireland. The Double Counting
Rule of the RED Directive, mentioned above, was created to encourage the collection system of UVO
in Europe and, thus, generate growth in these businesses. However, the lack of control mechanisms
has led to a drastic increase in imports and the benefits of biofuel production, with UVO, being taken
away by third countries.
The International Sustainability and Carbon Certification (ISCC), the certification system for
collecting companies mentioned above, has included points of improvement in traceability that will be
applicable in 2020, and it is intended that they will improve some of the points mentioned.
Ensuring a robust traceability system is a key point to avoiding possible deviations in the value
chain, from the production of cooking oil, its use, and its correct management once used. Furthermore,
this also avoids the promotion of the underground economy. Currently, there are thefts of containers
that have collected UVO by individuals who sell the stolen UVO to companies that do not give
importance to the origin, causing an economic loss for management companies that invest in improving
collection mechanisms, in addition to the loss of taxes by selling without invoicing.
It is absolutely necessary to improve the monitoring of the whole value chain of UVOs so that
the biodiesel produced is truly sustainable and a second-generation biofuel, and to ensure that the
regulations do not lose credibility. EWABA (European Waste-to-Advanced Biofuels Association),
has established a new method for the physical differentiation test between used and virgin oils,
which seems satisfactory and which is intended to be implemented in the short term [56,57].
3. Outlooks
As reported in the previous chapters, the focus at the normative level has been centered on the
application of UVOs for energy purposes. This is mainly due to the already existing technology for
biodiesel production, which indeed is easily adaptable to UVOs’ processing. Nevertheless, emerging
scientific, technological, and economic trends are moving the attention toward the need for
new regulations, specifically in the fields of bio-lubricant production [58,59] and in the quality
assessment of the UVO-based raw materials [60]. In particular, regarding the quality assessment
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of UVOs as raw materials, EU Member States are considered directly responsible for quality
monitoring. Thus, each country should adopt a “voluntary scheme” to certificate the produced
biofuel. Currently, this specific situation is evolving, and specific local legislations are the object of
internal discussions.
4. Conclusions
The rise in used vegetable oil (UVOs) as a valuable feedstock for industry is being endorsed by
the European normative framework. In particular, the versatility of this waste raw material, which can
be easily processed through sustainable processes, even by adopting a circular economy model,
has pushed many Member States to develop local normative and promote the recycling of UVOs.
Nevertheless, the process of transposition of the EU normative into local legislation is not complete,
and several aspects remain unresolved. Italy and Spain, two of the most representative countries of
the EU, have adopted the EU indications, especially in terms of collection, disposal, and recycling for
energy purposes, mostly for biodiesel production. Minor markets based on UVOs as bio-lubricants or
animal feed production are treated by the EU and national legislations only marginally. On the other
side, the increasing economy related to biodiesel production from vegetable oils has generated a huge
demand for raw materials, which are sometimes required from other countries, even external to the
EU. This recent tendency has not been the object of proper legislative action yet, and it represents a
problem in terms of quality control of the employed raw materials.
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